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Abstract 
In 2011, there are more than 100 million poor people in China and they are mainly distributed in fourteen large poverty-stricken
areas. China has been viewing the development-oriented poverty reduction work for the purpose of eliminating poverty as 
state-level strategic target, and the poverty reduction will play an important role in the new round of urbanization of China. To 
meet the requirement of “Entire-village Advancement” in Outline for Development-oriented Poverty Reduction for China’s Rural 
Areas (2011-2020), this paper first analyzes the spatial pattern variation characteristics of the villages with the change of distance 
in each poverty-stricken area by Ripley’s K function and estimates the spatial pattern of villages in each county by Average 
Nearest Neighbor ratio. Then the relationships between poverty-stricken villages and their impact factors of DEM, water, railway
and main-road are investigated. Results provide a good understanding of village’s spatial pattern in different poverty-stricken
areas and counties and relationships between village distribution and its impact factors, which provides an important decision 
basis for “Entire-village Advancement” in poverty reduction. 
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1. Introduction 
Since 1978 when China launched its reform and opening-up, China has developed its economy rapidly, and 
enhanced the people’s living standard increasingly. Especially in 2010, China’s GDP ranked second in the world; 
from then on, China entered a new historic stage of building well-off society in an all-around way. However, due to 
difference and restriction of regional development environment, the economic life in some poverty-stricken areas in 
the Central and Western China still develops slowly, and regional disparity, especially in rural-urban disparity, is 
widened increasingly (Li et al., 2014). For this reason, China has been viewing the development-oriented poverty 
reduction work for the purpose of eliminating poverty to realize common prosperity as state-level major strategic 
target. The poverty reduction will play an important role in realizing “China Dream” during the new round of 
urbanization (Bai et al., 2014). Through the implementation of The Seven-Year Program to Help 80 Million People 
out of Poverty (1994-2000) and Outline for Development-oriented Poverty Reduction for China’s Rural Areas 
(2001-2010), the poverty reduction undertaking has scored tremendous achievements. China’s absolutely 
poverty-stricken population dropped from 94.22 million in 2000 to 26.88 in 2010 (by the poverty standard of per 
capita net income 1274 yuan), and poverty incidence rate from 10.2% in 2000 to 2.8% in 2010 (The national bureau 
of statistics household survey office, 2012). Because of large number of poor people in China, relative poverty 
problem is serious, so the poverty-returning phenomenon happens occasionally and the development-oriented 
poverty reduction task shall be boosted further (Wang et al., 2014). Outline for Development-oriented Poverty 
Reduction for China’s Rural Areas (2011-2020) issued in 2011 determines 680 counties in 14 contiguous 
poverty-stricken areas as major targets, and formulates accurate development-oriented poverty reduction work 
pattern of “Entire-village Advancement”, which means that targeted measures should be taken to eliminate poor 
people village-by-village. 
The 14 poverty-stricken areas involve wide territory and diversified landforms, so the spatial distribution 
characteristics of the villages in different areas are different. To implement the new development-oriented poverty 
reduction pattern of “Entire-village Advancement”, specific measures should be made according to the 
characteristics of different regions (Wang, 2014). So understanding the spatial pattern and distribution of villages in 
poverty-stricken areas is an essential and fundamental task for “Entire-village Advancement”. At present, it is 
macroscopically void of investigation and comparative analysis on spatial pattern of the villages in the 14 
poverty-stricken areas (Wang et al., 2014). On the basis of the requirements of “Entire-village Advancement”, 
through collecting the location data of 191,537 administrative villages in the 14 poverty-stricken areas, this paper 
adopts Ripley’s K function (Ripley, 1977) to calculates the spatial pattern variation characteristics of the villages 
with the change of distance in each poverty-stricken area, employs Average Nearest Neighbor ratio (Ebdon, 1985) to 
estimate the spatial pattern of villages in each county, and compares their difference in different poverty-stricken 
areas, thus understanding the distribution pattern of the villages to provide macroscopic decision basis for the 
implementation of “Entire-village Advancement”. Moreover, according to the natural factors (e.g., DEM (digital 
elevation model) and water) and social factors (e.g., railway and main-road), neighboring relations between the 
villages and all the factors are calculated, analysis and comparison on the impact of natural and social 
multidimensional factors on the poverty-stricken areas are performed, thus macroscopically knowing well about the 
relationships between villages and multidimensional impact factors to provide decision basis for spatial optimization 
and reorganization of the villages in the poverty-stricken areas (Liu et al., 2013), which is of vital practical 
significance to make overall arrangement of rural-urban development-oriented poverty reduction and boost new 
round of urbanization (Bai et al., 2014; Liu et al., 2010; Wang et al., 2014). 
2. Data and Method 
2.1. Description of study area and data  
In 2011, CPAD (the state council leading group office of poverty alleviation and development) determines 14 
contiguous poverty-stricken area (Fig. 1), including Wumeng Mountain area, Liupan Mountain area, south Xinjiang 
area, Lvliang Mountain area, Tibetan ethnic area in Sichuan, Yunnan, Gansu and Qinghai provinces, south area of 
Great Khingan Mountains, Dabie Mountain area, Wuling Mountain area, border area in western Yunnan, rocky 
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desertification area in Yunnan, Guizhou and Guangxi provinces, Yanshan-Taihang Mountain area, Qinba Mountain 
area, Luoxiaoyun Mountain area and Tibet area. The 14 contiguous poverty-stricken areas are mainly distributed in 
Central and Western China, and part of contiguous poverty-stricken areas are adjacent to each other, involving 
191,537 administrative villages, 680 counties in 21 provinces, with total area of more than 4,000,000 km2. As can be 
seen from Fig. 1, 191,537 administrative villages are distributed in the 14 contiguous poverty-stricken areas, dense 
in the Central China, relatively scattered in the Western China, and centralized in partial areas. In accordance with 
up-to-date poverty standard of per capita net income (2300 yuan) (people.com.cn, 2012), China has 128 million poor 
people, equal to 13.4% rural population (Wang et al., 2014).  
2.2. Ripley’s K function and Average Nearest Neighbor ratio 
(1) Ripley’s K function 
Ripley’s K function (K) (Ripley, 1977) is a tool for analyzing spatial pattern of point processes at many distance 
scales. It has been used in various spatial pattern analysis (Diggle, 1983; Liu et al., 2007). K function is commonly 
estimated in Equation (1) from observed points. Commonly, K function is presented as the linearized L function in 
(2) because L function is easier to interpret than K function (Ripley, 1977). ˆ ( )oL d  is compared with expected 
value ˆ ( )eL d  for a random sample of points from a CSR (complete spatial randomness) pattern. If ˆ ˆ( ) ( ) 0o eL d L d ! , the pattern of observed points at a distance scale d  is cluster. If ˆ ˆ( ) ( ) 0o eL d L d  , the 
pattern is disperse. If ˆ ˆ( ) ( ) 0o eL d L d  , the pattern is random. 
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where, A  is the area of observed points, n  is the number of points, ijw  is an edge-correction term to remove 
the bias, ( )ijI d d  is an indicator function that takes the value 1 when distance ijd  between point i  and j  is 
less than d .
Fig. 1. Villages within 14 poverty-stricken areas of China. 
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(2) Average Nearest Neighbor ratio 
Average Nearest Neighbor ratio (ANN) is a method that examines the mean of distances between each observed 
point and its nearest point, and the mean is then compared with expected value from a CSR pattern (Ebdon, 1985). It 
can be calculated as Equation (3). If 1ANN  , the pattern of observed points is cluster. If 1ANN  , the pattern is 
disperse. If 1ANN  , the pattern is random. 
1 0.5
1
/ , , 0.5( / )
n
o e o i e
i
ANN D D D n d D n A 
 
   ¦ (3) 
where, oD  is the mean distance between each observed point and its nearest neighbor, eD  is the expected mean 
distance from the points given in CSR pattern, id  is the distance between point i  and its nearest neighbor, A  is 
the area of points, n  is the number of points. 
3. Results and discussion 
3.1. The pattern of villages within each poverty-stricken area by K function  
The villages in the 14 poverty-stricken areas are respectively calculated the values of L function from K function 
at ten distance scales. Table I shows the observed value (Lo) and expected value (Le) of L function, and the difference 
between observed value and expected value in the 14 poverty-stricken areas. 
As can be seen from Table I, the villages in 7 poverty-stricken areas including Wumeng, Lvliang, Tibetan ethnic 
area, south area of Greater Khingan Mountains, rocky desertification area, Yanshan-Taihang, and Tibet area present 
the distribution pattern of spatial clustering with the increase of distance, especially obvious in Tibetan ethnic areas 
and Tibet area due to relatively-large difference between the observed value and expected value. The spatial 
distribution pattern of the villages in 6 poverty-stricken areas including Liupan, south area of Xinjiang, 
Yanshan-Taihang, border area in western Yunnan, Qinba, and Luoxiaoyun is characterized by co-existence patterns 
of cluster, randomness and dispersion. With the increase of distance, spatial distribution pattern of the villages in the 
6 poverty-stricken areas is changed from clustering to randomness and dispersion. Spatial distribution pattern of the 
villages in Wuling Mountain area is changed from randomness to dispersion. Spatial distribution pattern of the 
villages in Liupan Mountain area, with a distance of more than 161km, presents dispersion. Villages in south area of 
Xinjiang becomes dispersion over a distance of 95km. Villages in Dabie Mountain area becomes dispersion over a 
distance of 137km. Villages in mountainous border area in western Yunnan becomes dispersion over a distance of 
162km. Villages in Qinba Mountain area becomes dispersion over a distance of 171km. Villages in Luoxiao 
Mountain area becomes dispersion over a distance of 65km. 
Table I Values of L function for the fourteen poverty-stricken areas at distance scales of ten. 
Number of distance bands  1 2 3 4 5 6 7 8 9 10 
Wumeng Mountain area 
Le 16  31  47  63  78  94  110  125  141  157  
Lo 19  36  54  71  87  102  117  131  145  158  
Lo- Le 3  5  7  8  9  8  7  6  4  2  
Liupan Mountain area  
Le 18  36  54  71  89  107  125  143  161  179  
Lo 19  38  57  77  97  115  132  147  161  173  
Lo- Le 1  2  3  6  7  8  7  4  0  -5  
South Xinjiang area  
Le 20  41  61  81  102  122  142  163  183  203  
Lo 44  66  79  87  95  106  116  124  129  132  
Lo- Le 23  25  18  6  -6  -16  -26  -39  -54  -71  
Lvliang Mountain area 
Le 8  16  24  32  40  48  56  64  72  80  
Lo 14  26  38  49  58  67  76  83  90  96  
Lo- Le 6  10  14  17  18  19  20  19  18  16  
Tibetan ethnic area in 
Sichuan, Yunnan, Gansu 
and Qinghai provinces 
Le 32  64  95  127  159  191  222  254  286  318  
Lo 52  89  128  163  202  239  275  309  341  372  
Lo- Le 21  25  33  36  43  48  53  55  55  55  
South area of Great 
Khingan Mountains 
Le 14  28  42  57  71  85  99  113  127  141  
Lo 22  40  55  68  82  95  108  121  134  147  
Lo- Le 8  11  12  12  11  10  9  8  7  6  
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Dabie Mountain area 
Le 14  28  42  56  70  84  99  113  127  141  
Lo 19  36  52  69  85  99  111  121  129  137  
Lo- Le 5  7  10  13  15  15  12  8  3  -4  
Wuling Mountain area 
Le 14  29  43  58  72  87  101  116  130  145  
Lo 15  29  44  58  71  85  99  113  126  139  
Lo- Le 1  0  0  0  -1  -2  -2  -3  -4  -6  
Border area in western 
Yunnan
Le 21  41  62  83  104  124  145  166  187  207  
Lo 29  53  74  95  114  131  147  162  173  183  
Lo- Le 8  11  12  12  10  7  2  -4  -13  -24  
Rocky desertification area 
in Yunnan, Guizhou and 
Guangxi provinces 
Le 18  36  54  72  89  107  125  143  161  179  
Lo 21  41  60  80  100  119  138  157  174  191  
Lo- Le 3  5  7  8  10  12  13  14  13  12  
Yanshan-Taihang 
Mountain area 
Le 14  28  42  56  69  83  97  111  125  139  
Lo 28  52  74  94  115  135  153  171  186  201  
Lo- Le 14  24  32  39  45  51  56  60  61  62  
Qinba Mountain area 
Le 22  43  65  86  108  129  151  172  194  215  
Lo 24  47  70  92  114  133  152  171  190  205  
Lo- Le 2  4  5  6  6  4  1  -1  -4  -10  
Luoxiaoyun Mountain area 
Le 9  19  28  38  47  56  66  75  85  94  
Lo 12  22  31  40  49  57  65  72  80  86  
Lo- Le 2  3  3  3  2  1  -1  -3  -5  -8  
Tibet area 
Le 18  36  54  71  89  107  125  143  161  178  
Lo 34  61  84  107  129  150  169  188  206  225  
Lo- Le 16  25  31  36  40  42  44  45  46  46  
3.2. The pattern of villages within each county by ANN  
The ANN value of villages within each county is calculated for the 14 poverty-stricken areas. Fig. 2 presents the 
spatial pattern of the villages within each county. Fig. 2 shows that detailed patterns of the villages within each 
county are generated by ANN and the pattern of counties within each poverty-stricken area are almost consistent 
with that by L function. As can be seen from Fig. 2, village-clustered counties are mainly distributed in Tibet area 
and Tibetan ethnic areas in Sichuan, Yunnan, Gansu and Qinghai provinces, and the pattern by L function is also 
clustering in the two area. Table II shows the county number of each poverty-stricken area in which villages of each 
county spatially distribute in three patterns: clustering, randomness and dispersion. As can be seen from Table II, the 
poverty-stricken areas having most village-clustered counties are Tibet area and Tibetan ethnic areas in Sichuan, 
Yunnan, Gansu and Qinghai provinces, 50 village-clustered counties in Tibet area and 62 village-clustered counties 
in Tibetan ethnic areas in Sichuan, Yunnan, Gansu and Qinghai provinces. Wuling Mountain area has the most 
village-random counties, which is also consistent with that by L function. In addition, rocky desertification area in 
Yunnan, Guizhou and Guangxi provinces has the most village-dispersed counties. 
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Table II The county number of three patterns of clustering, randomness and dispersion in each poverty-stricken area. 
 WM LP SXJ LL TBE SGK DB WL BEY RDYGG YT QB LXY TB 
Clustering 18 33 17 1 62 3 14 20 35 18 15 40 16 50 
Randomness 8 16 2 14 6 4 15 32 8 27 16 19 5 6 
Dispersion 8 8 3 5 2 11 7 14 10 34 2 12 1 15 
*Note, WM: Wumeng Mountain area, LP: Liupan Mountain area, SXJ: south Xinjiang area, LL: Lvliang Mountain area, TBE: Tibetan ethnic 
area in Sichuan, Yunnan, Gansu and Qinghai provinces, SGK: south area of Great Khingan Mountains, DB: Dabie Mountain area, WL: Wuling 
Mountain area, BEY: border area in western Yunnan, RDYGG: rocky desertification area in Yunnan, Guizhou and Guangxi provinces, YT:
Yanshan-Taihang Mountain area, QB: Qinba Mountain area, LXY: Luoxiaoyun Mountain area and TB: Tibet area. 
3.3. Impact of natural and social factors on the villages distribution  
Main natural factors (i.e., DEM and water, as shown in Fig. 3 (a) and (b)) and social factors (i.e., railway and 
main-road, as shown in Fig. 3 (c) and (d)) are used to assess the impact of natural and social factors on the 
distribution pattern of the villages in the poverty-stricken areas. Table III shows the mean and maximum elevations 
of villages, mean and maximum linear distances between villages and their nearest water, railway and main-road in 
each poverty-stricken area. As can be seen from Table III, mean and maximum elevations of the villages in Tibetan 
ethnic areas in Sichuan, Yunnan, Gansu and Qinghai provinces and Tibet area are apparently higher than that in 
other poverty-stricken areas. Mean elevations of the villages in Wumeng Mountain area, Liupan Mountain area, 
south area of Xinjiang, Lvliang Mountain area and border area in western Yunnan exceed 1100 meters. The mean 
nearest distances to water of the villages in all the poverty-stricken areas exceed 5 km. The mean nearest distances to 
water of the villages in Wumeng Mountain area, Liupan Mountain area, Tibetan ethnic areas in Sichuan, Yunnan, 
Gansu and Qinghai provinces, Qinba Mountain area and Tibet area exceed 10 km, and the maximum nearest 
distance is 115.31 km. The mean nearest distances to railway of the villages in all areas almost exceed 20 km. The 
mean nearest distances to railway of the villages in Tibetan ethnic areas in Sichuan, Yunnan, Gansu and Qinghai 
provinces and Tibet area exceed 170 km, the maximum nearest distance is 753.34 km, far higher than that in other 
poverty-stricken areas. The mean nearest distances to main-road of the villages in all the poverty-stricken areas 
exceed 5 km except Dabie Mountain area. The mean nearest distances to main-road of the villages in Tibet area, 
Tibetan ethnic areas in Sichuan, Yunnan, Gansu and Qinghai provinces and south area of Greater Khingan 
Mountains exceed 10 km, and the maximum nearest distance to main-road is209.5 km. 
Fig. 2. Point pattern of villages within each county in the 14 poverty-stricken areas of China. 
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Table III Mean and maximum elevations of villages and their nearest distances to factors for each poverty-stricken area (km). 
Mean 
of  
DEM 
Maximum  
of  
DEM 
Mean of  
distance
to water 
Maximum 
of distance 
to water 
Mean of  
distance
to railways 
Maximum  
of distance  
to railways 
Mean of  
distance
to roads 
Maximum 
of distance 
to roads 
WM 1.59 3.17 10.30 40.54 35.58 89.82 7.91 36.67 
LP 1.76 3.33 12.58 60.18 29.14 121.33 6.47 39.00 
SXJ 1.39 5.38 5.55 59.35 34.20 343.01 8.85 87.32 
LL 1.10 2.25 8.75 40.52 22.38 86.51 7.11 27.29 
TBE 3.02 4.99 10.20 68.24 176.35 518.59 13.28 138.84 
SGK 0.20 1.00 7.23 45.38 28.31 86.47 10.34 51.48 
DB 0.08 1.00 8.77 42.64 18.02 65.64 3.90 20.73 
WL 0.55 1.91 8.07 38.81 29.39 101.92 6.19 35.86 
BEY 1.74 3.43 9.65 70.17 78.00 336.33 9.76 51.26 
RDYGG 0.89 2.47 8.91 58.64 28.47 149.49 7.15 42.43 
YT 0.95 2.24 7.27 35.29 20.54 87.82 5.29 61.13 
QB 0.76 2.73 13.62 70.37 31.20 122.89 6.64 38.25 
LXY 0.28 1.51 7.34 40.75 23.78 82.91 5.00 28.02 
TB 4.05 5.25 16.15 115.31 207.15 753.34 20.87 209.50 
*Note, WM: Wumeng Mountain area, LP: Liupan Mountain area, SXJ: south Xinjiang area, LL: Lvliang Mountain area, TBE: Tibetan ethnic 
area in Sichuan, Yunnan, Gansu and Qinghai provinces, SGK: south area of Great Khingan Mountains, DB: Dabie Mountain area, WL: Wuling 
Mountain area, BEY: border area in western Yunnan, RDYGG: rocky desertification area in Yunnan, Guizhou and Guangxi provinces, YT:
Yanshan-Taihang Mountain area, QB: Qinba Mountain area, LXY: Luoxiaoyun Mountain area and TB: Tibet area. 
According to the impacts and the spatial patterns of villages in poverty-stricken areas by L function and counties 
by ANN, it can be found that: (1) Tibet area, Tibetan ethnic areas in Sichuan, Yunnan, Gansu and Qinghai provinces 
and south area of Xinjiang are greatly affected by natural factors (landform, water, etc.) and social factors (railway, 
main-road, etc.), so that the spatial distribution of the villages in these poverty-stricken areas has more significant 
clustering characteristics than that in other poverty-stricken areas. (2) Border area in western Yunnan and south area 
of Great Khingan Mountains is mainly affected by transport and water, and Wumeng Mountain area, Liupan 
Mountain area Qinba Mountain area and Luoxiaoyun Mountain area are mainly affected by water, so that the 
villages in most of these areas show clustering characteristics. (3) Yanshan Mountain-Taihang Mountain area and 
Dabie Mountain area are affected by transport to some extent, so that the villages in the two areas show both cluster 
and random distribution patterns. (4) there are no dominate impact factors in Lvliang Mountain area, rocky 
desertification area in Yunnan, Guizhou and Guangxi provinces and Wuling Mountain area, compared with that in 
other poverty-stricken areas, so that the pattern of villages in the three areas is toward randomness. 
4. Conclusion 
To meet the requirement of “Entire-village Advancement” in poverty reduction of China, this paper first analyzes 
the spatial pattern variation characteristics of the villages with the change of distance in each poverty-stricken area 
by Ripley’s K function and estimates the spatial pattern of villages in each county by Average Nearest Neighbor 
ratio. Then the relationships between poverty-stricken villages and their impact factors of DEM, water, railway and 
main-road are investigated. Point pattern analysis results provide a good understanding of village’s spatial pattern in 
Fig. 3. Natural and social features of China. (a) DEM, (b) water, (c) railway, (d) main-road.
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different poverty-stricken areas and counties of China. Impact analysis of natural and social factors on village 
distribution provides important decision basis for spatial optimization and reorganization of the villages in the 
poverty-stricken areas during the new round of urbanization (Bai et al., 2014; Liu et al., 2013). Several suggestions 
can be drawn here for “Entire-village Advancement” in poverty reduction of China: (1) According to the spatial 
pattern variation characteristics of the villages with the change of distance in each poverty-stricken area, it is useful 
to estimate the resource demand of development-oriented poverty reduction and its influence scope. (2) The spatial 
pattern of villages in counties can help the local government understand the spatial structure of villages and poor 
people and assist them in distribution and allocation of resources about development-oriented poverty reduction. (3) 
according to the different spatial patterns of villages in the administrative unit of poverty-stricken area or county, 
specific measures should be taken in different regions to realize the green poverty reduction and sustainable 
development. For example, infrastructure investment and improvement of living environment should be enhanced in 
Tibet area, Tibetan ethnic areas in Sichuan, Yunnan, Gansu and Qinghai provinces and south area of Xinjiang as 
villages in the three areas exhibit the significant clustering characteristics and are greatly affected by natural and 
social factors, while Lvliang Mountain area, rocky desertification area in Yunnan, Guizhou and Guangxi provinces 
and Wuling Mountain area should pay more attention in the spatial optimization and reorganization of the villages 
during the new round of urbanization. 
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